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Abstract
Dry-land legumes, well adapted to drought-prone areas, have largely been neglected in the past despite the good opportunities they offer for
income growth and food (and nutritional) security for the poor. This study evaluated the adoption and impact of two farmer and market-preferred
and disease-resistant pigeonpea varieties that were developed and promoted in semi-arid Tanzania. The new varieties were resistant to fusarium
wilt, a fungal disease devastating the crop. However, farmers wanting to adopt new varieties did not adopt due to seed access constraints and under-
developed seed delivery systems. Adoption of new varieties is therefore analyzed using an augmented double hurdle model that allows estimating
variety adoption conditional on seed access thresholds accounting for the additional information on sample separation. The study identifies the
crucial role of seed access (local supply), extension, education, participatory decision making, capital, and household assets in determining adoption.
The social economic benefits of the technology and policies for improved seed access were further analyzed using the extended economic surplus
method (DREAM model). Even under restrictive assumptions, overall discounted benefits were found to be quite attractive, indicating the need for
additional efforts to scale-up the success story. Analysis of changes in research benefits from relaxing the seed access constraint showed that net
gains would increase by up to 30% if farmer access to improved seeds can be assured. Smallholder farmers are the major beneficiaries along with
consumers and rural net-buyers who gain from productivity-induced lower market prices.
JEL classification: C13, C15, C34, C52, O32, O38
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1. Introduction
Grain legumes are widely grown by smallholder farmers in
many semi-arid areas of the tropics. Smallholder farmers de-
rive multiple benefits from diversification of production into
grain legumes, including nutritious food, soil fertility, and
cash income. Dry-land food legumes (like pigeonpea, chickpea,
groundnut, etc.) help overcome severe nutritional deficiencies
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that result from diets lacking in protein and oil. They provide
protein-rich supplementary food to many poor families that
could not afford costly animal-based foods. This is especially
important for growing children who cannot consume sufficient
quantities of staple cereals to meet their protein requirements.
Higher cash incomes and better nutrition can contribute toward
improving nutritional conditions for poor families and vulner-
able households. In addition, legumes fix atmospheric nitrogen
that benefits both the legume and subsequent crops. Soil fer-
tility benefits are a major consideration throughout the region
as cash-constrained poor farmers cannot afford costly inputs or
the returns to inorganic fertilizer use on staple cereals are low
or risky to encourage widespread fertilizer adoption.
Despite their potentially high economic and environmental
benefits, these pro-poor crops have largely been neglected in
public policy and research and development investments, which
emphasized major cereals (e.g., maize) for food security (Joshi
et al., 2001; Lo Monaco, 2003). Since the colonial times, food
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legumes in Eastern and Southern Africa have been largely re-
garded as “subsistence” or “orphan” crops and received low pri-
ority in national agricultural research although this has started
to change with increased investments by international research
centers (Maredia et al., 1998).1 Hence, small-scale farmers in
semi-arid areas have not been able to significantly increase pro-
ductivity and harness the available technological and market
opportunities for grain legumes. Some of the major limitations
for diversification into grain legumes include a complex set
of biotic and abiotic constraints that limit productivity of tra-
ditional varieties and lack of widely adapted and market and
farmer-preferred varieties. Therefore, research on food legumes
adapted to dry-land areas offers new opportunities to poor farm-
ers in drought-prone environments to escape poverty through
increased incomes and better nutrition for malnourished
families.
Pigeonpea (Cajanus cajan) is an important grain legume
widely grown and adapted to the semi-arid regions of South
Asia and Eastern and Southern Africa. The largely drought-
tolerant crop allows poor families protect their livelihoods and
meet their food and cash income when most other crops fail
in areas with erratic rainfall. Farmers in land-scarce areas can
intensify land use and harvest two crops through inter-cropping
with cereals (like maize and sorghum) allowing farmers to di-
versify risks and maximize their incomes. The biomass can
be used for feeding livestock or as source of firewood, thereby
reducing the burden on women and children and reducing defor-
estation and loss of biodiversity. Pigeonpeas are tradable crops
both in local and international markets, and export demand
(mainly to south Asia) often outstrips supply (Joshi et al., 2001;
Lo Monaco, 2003). Smallholder farmers market a substantial
portion of the annual produce to meet their cash requirements.
Tanzania is one of the major growers and exporters of the crop in
the region. Tanzania exports significant amounts (30–40 thou-
sand tons/year) to India, and there is a growing processing and
value-adding industry that would allow the country to export
de-hulled split pea (dhal) to the Far East, Europe, and America.
However, the pigeonpea industry in Tanzania has been af-
fected by poor productivity and limited marketed surplus pro-
duce of smallholder farmers. The poor yields are mainly due
to low yielding and disease susceptible local varieties. Farmers
even abandoned production of this important crop mainly due
to fusarium wilt, a fungal soil-borne disease that devastates the
crop. Once the field is infested with the disease, the fungus can
stay in the soil for a long period of time, making it very diffi-
cult for poor farmers to control it without the use of extended
rotations or expensive chemicals. The disease is pervasive in
all pigeonpea growing areas in east and southern Africa and
1 The green revolution in South Asia, which was inspired by self-sufficiency
in staples, also targeted cereals like wheat and rice with enhanced availability
of subsidized seed, fertilizer, irrigation, and market access. In many green rev-
olution areas of India, intensive rice and wheat monocultures have also led to
agro-ecosystem degradation and declining cereal-legume rotations, tradition-
ally used for replenishing soil fertility (Pingali and Rosegrant, 2001).
spreads among fields through agricultural equipment and field
operations (Gwata et al., 2006).
A screening program for fusarium resistance was initiated as
a concerted effort between ICRISAT and Tanzanian researchers
in the early 1990s. The main thrust was to identify disease-
resistant types that combine market and farmer-preferred traits.
By 1997, this effort resulted in the development of 21 varieties
that were successfully tested on-station, which was followed by
participatory on-farm testing and evaluation of a few promis-
ing lines. Two of these fusarium-resistant improved pigeonpea
(FRIP) varieties (ICEAP 00040 and 00053), which embody
farmer and market-preferred traits, are becoming popular in
northern Tanzania. Farmers, however, face seed-access con-
straints that limit the quick spread of the technology to wider
areas. Using empirical data from this region where the tech-
nologies were initially tested and promoted, this study analyzes
the key determinants of variety adoption and the overall eco-
nomic benefits to Tanzania. Unlike many previous adoption
studies, technology adoption is modeled conditional on farmer
access to new seeds and takes into account the thresholds that
smallholder farmers need to overcome at different stages before
actual adoption takes place. This improves the consistency of
the parameter estimates.
2. Modeling constrained adoption
2.1. Legume seed systems in Tanzania
Access to improved seed is an integral factor for stimulat-
ing technology uptake and increasing agricultural productivity
in smallholder agriculture. The weak seed supply systems in
many sub-Saharan countries of Africa have been identified as
limiting factors for widespread adoption of improved varieties
(Cromwell, 1996; Morris, 1998; Rohrbach and Tripp, 2001;
Tripp, 2000). Despite efforts to liberalize markets for grain and
seed, the commercial seed sector has been very slow to develop,
especially for open-pollinated varieties of cereals and legumes
where farmers can save their own seed for some years once they
gain access to the new varieties. This is the case for legumes
and non-hybrid cereal varieties. There are also several entry
barriers and rigidities that limit the participation of the private
sector in seed supply in Africa. These include poor rural in-
frastructure, free or subsidized seed through relief and recovery
programs, requirements for variety registration, restrictions on
seed imports, and at times price regulation (e.g., see Rohrbach
and Tripp, 2001). In cases where seed laws are deficient or
quality control systems are weak, seed traders cannot often dif-
ferentiate quality seed from food grains, leading to the classic
problems of asymmetric information in markets. The lack of
incentives for commercial seed companies means that the pub-
lic sector and informal seed systems would be required to fill
the gap. But the public sector seed agencies are often charac-
terized by high overhead costs and inefficiency while informal
seed systems lack capacity to meet seed demand in the desired
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quantity and quality. These factors have jointly contributed to
market failures or inefficiencies in seed systems and contributed
to inadequate production and marketing of publicly developed
crop varieties and their poor adoption by farmers.
In Tanzania, seed production and marketing is largely by the
informal sector (i.e., about 90% of seed produced and marketed
is handled by the informal sector. The informal seed systems
include farmer-to-farmer seed exchange, community seed pro-
duction, borrowing from relatives/neighbors, and exchanging
or purchasing stored food grains recycled as seed by farmers.
The formal seed system constitutes a network of private seed
companies and rural input dealers or stockists selling certified
seeds and parastatals (e.g., Agricultural Seed Agency) that pro-
duces and markets foundation and some certified seed. There
are over 22 private seed companies registered in Tanzania, but
only a few of them handle pigeonpea seed, in limited quantities,
when contracted by identified buyers. Most of the seed compa-
nies deal with certified seed of hybrid maize and crops that have
a relatively large seed market (e.g., sorghum, rice, vegetables,
and other commercial crops). In recognition of these limita-
tions, Tanzania has introduced a semi-formal community based
seed system that combines some features of the more flexible
informal systems and the regulatory framework of the formal
system. This is called quality declared seed (QDS) and relies
on truthfully labeled seed produced by trained farmers under
the inspection of the regulatory agency and marketed within the
community. This was mainly intended to meet the seed demand
for crops and varieties where the private sector has limited in-
terest. While legumes like pigeonpea are included under the
QDS system, much less has been achieved so far due to lack of
access to foundation seed, inadequate seed inspection service,
poor awareness of available varieties, and lack of capacity for
farmer training in legume seed production systems.
The informal and semi-formal seed systems in Tanzania are
therefore faced with challenges of shortage of foundation seed,
poor seed quality, irregular supply, lack of processing equip-
ment, and limited market orientation.2 In the absence of stronger
formal seed systems, pigeonpea farmers have often relied on
farmer-to-farmer seed transfer, participation in on-farm vari-
ety selection, and supply by non-governmental organizations
(NGOs). Several options have been suggested to relax the con-
strained supply of legume seed—increased supply of founda-
tion seed through private-public sector alliances, marketing of
small seed packs, enhancing the capacity of farmer groups to
produce, and market quality declared seed. The study will model
and test the effect of constrained access to seed and propose pol-
icy alternatives for stepping up the delivery of pigeonpea seed
for accelerating the diffusion of new pigeonpea varieties.
2 The potential annual seed demand for the country has been estimated at
about 120 tons while the actual or effective demand is estimated around 30
tons. At the moment, the total annual seed supply is about 12.8 tons, with
maize using about 8–10 tons. The contribution of legumes in the formal seed
supply is very low particularly after the collapse of the former TANSEED
Company, which used to produce some legume seed, especially beans (Lyimo,
2008).
2.2. Constrained technology adoption
Numerous econometric models have been applied to study
the adoption behavior of farmers and to identify the key deter-
minants of technology adoption. The econometric specification
largely depends on the purpose of the study and the type of
data available. In many cases, data are collected on whether a
given technology has been adopted or not, without additional
information on whether some individuals are constrained in ac-
cessing the technology. For dichotomous dependent variables,
probit and logit models are commonly used. When data on the
level of use of the technology is available, the censored regres-
sion model, also called the Tobit model (Maddala, 1983; Tobin,
1958) has also been commonly used for modeling adoption
behavior (e.g., Adesina and Zinnah, 1993; Kristjanson et al.,
2005; Shiyani et al., 2002). The key underlying assumption
for a Tobit specification is that farmers with a positive desired
demand have unconstrained access to the technology. In situ-
ations where seed supply systems are underdeveloped, this is
often untenable as farmers wanting to plant new varieties of-
ten face seed access constraints. The Tobit specification has no
mechanism to distinguish such households with a constrained
positive desired demand from those with unconstrained positive
demand and considers a zero amount of land under improved
technology as a rational decision by the farmer not to plant any
improved variety, hence yields inconsistent parameter estimates
(Croppenstedt et al., 2003).
As a first stage, farmers need to develop a positive desired de-
mand for new varieties based on their evaluation of net benefits
from comparing old and new cultivars. Information is critical
in facilitating this process and in creating demand for new va-
rieties. However, in addition to information, actual adoption
and planting of new cultivars depends on local availability of
quality seeds and the ability of the farmer to access this in-
put. In other cases, access to credit, or lack of suitable land, or
other resources, could be an important impediment that some
farmers wanting to plant new varieties need to overcome be-
fore actually growing new cultivars. In our case, access to im-
proved seeds related to village supply was the key threshold
that farmers (with positive desired demand) had to overcome.3
This is consistent with several studies in the past documenting
the critical role of underdeveloped seed supply and marketing
systems for farmer variety choice and technology adoption in
smallholder agriculture (Cromwell, 1996; Morris, 1998; Tripp,
2000). In such a case, the Double Hurdle (DH) model (Cragg,
1971) gives consistent estimates. The DH model has been used
in modeling constrained adoption and intensity of use of new
technologies mainly because it accounts for the existence of a
significant number of farmers with positive desired demand for
modern inputs but are too constrained to adopt them (Coady,
1995; Croppenstedt et al., 2003). The DH model has also been
3 All the seed constrained farmers in our sample indicated that the major
limiting factor was lack of village supply. This may reflect the small seed
requirements for pigeonpea (10–15 kg/ha), which makes it possible for most
farmers to afford buying seeds, but only if supply side constraints are addressed.
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applied in off-farm labor supply studies where workers face var-
ious entry barriers (e.g., Matshe and Young, 2004; Woldehanna
et al., 2000).
In this study, some farmers reported problems in access-
ing improved seeds as one of the major constraints for uptake
of new varieties. Among the 240 households surveyed, about
22% reported lack of access to improved seeds due to lack of
village supply as the major limiting factor for non-adoption.
About 34% of the respondents had access to improved seed
and planted these varieties at least for two seasons (hence con-
sidered as early adopters). About 44% of the farmers did not,
however, adopt new varieties at this early stage of the diffusion
process not because of seed access constraints but due to in-
complete information and uncertainties on the profitability of
new FRIP varieties, indicating that these farmers are likely to
adopt in the future as they gain more experience in growing new
cultivars. The availability of this information from the survey
data creates a unique opportunity to separate the sample into
three groups. Using this sample separation, we augment the
DH model to incorporate this additional information and obtain
more efficient estimates.
The unobserved desired demand for improved seed for farmer
i can be modeled as:
Y ∗i = β ′Xi + ui (1)
where X is a vector of variables that determine the demand
function, β is parameter vector, and u is normal random variable
with mean 0 and variance σ 2u. Similarly, the latent variable
underlying an individual farmer’s access to improved seed can
be modeled as:
A∗i = α′Zi + ei (2)
where Z is a vector of variables that affect access, α is the pa-
rameter vector, and e is random variable distributed as normal
with mean 0 and variance 1. The observed improved seed de-
mand (Yi) is characterized by the interaction of model (1) and
(2). A positive use of improved seed is observed if two thresh-
olds are passed in the decision making process: the farmer has
passed the positive demand threshold (Y ∗i > 0) and has access
to improved seed (A∗i > 0). This comprises the first group in
the sample. The second group in the sample consists of farmers
who do not want improved seed (Y ∗i < 0) whether they have
access to improved seed or not (A∗i > 0 or A∗i ≤ 0). The third
group in the sample constitutes farmers who want improved
seed (Y ∗i > 0) but cannot get it because they do not have ac-
cess to improved seed (A∗i ≤ 0). Several studies (Jones, 1992;
Kimhi, 1999; Moffatt, 2005) have applied variants of the DH
model where the independence of the two equations (1 and
2) is tested and the independence assumption could not be re-
jected. Smith (2003) shows that assuming dependency between
the two equations is not a worthwhile exercise as there is lit-
tle statistical information available to support dependency in a
DH framework. Accordingly, we assume that the access and
demand equations are independent and the log likelihood func-
tion for the sample-separated data can be expressed as:
ln L=
∑
G1=1
ln[(α′Zi) × (1/σu) × φ((Yi − β ′Xi)/σu)]
+
∑
G2=1
ln[1 − (β ′Xi/σu)]
+
∑
G3=1
ln[(β ′Xi/σu) × (1 − (α′Zi))] (3)
where φ and  are the probability density and cumulative dis-
tribution function of the standard normal variable, respectively;
G1, G2, and G3 are indicator functions whether a given ob-
servation belongs to group one, two, or three, respectively, as
described earlier.
Equation (3) can be estimated using maximum likelihood
(ML) techniques resulting in consistent estimates of the param-
eters. The marginal effect of a given variable xj on quantity
demanded can be given as:
∂E(Y |X, Y > 0)
∂xj
= βj {1 − λ(β ′X/σu)[β ′X/σu
+ λ(β ′X/σu)]} (4)
where E(Y |X, Y > 0) = β ′X + σ × λ(β ′X/.σ ) and λ(k) =
φ(k)/(k) for any k. This can be evaluated at the maximum like-
lihood estimates ˆβ and the relevant sample means. The marginal
effects for improved seed access probability can be given by
αjφ(α′X) evaluated at the ML estimates and at sample means
of the regressors. The probability of adoption can be obtained as
the product of probabilities of improved seed access, (α′Zi)
and probabilities of participation (β ′Xi/.σu) evaluated at the
ML estimates and at the relevant sample means.
2.3. Evaluating economic impacts
The main objective of the project, which developed the FRIP
varieties, was to maximize the research benefits to smallholder
farmers from increased productivity and reduced risk of crop
loss from controlling the devastating wilt disease. This study
is interested in investigating the extent to which these eco-
nomic benefits can be realized, and to what extent the gains can
be increased from relaxing farmer access to improved seeds.
Therefore, a complimentary analysis of the wider potential net
benefits of the technology and the associated gains from en-
hancing farmer access to new varieties was undertaken using the
economic surplus approach. However, tracking the impacts to
producers and consumers of new varieties in a given setting of-
ten requires careful analyses of the changes that can be directly
attributed to the intervention itself (Baker, 2000). In the case of
interventions that also generate non-tangible and non-marketed
environmental benefits and ecosystem services, the overlapping
problems of measurement, valuation, and attribution pose se-
rious methodological limitations for a comprehensive impact
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evaluation (Shiferaw et al., 2004). Although diversification and
intensification of food legumes is likely to generate such mul-
tiple social and environmental benefits, this study has focused
mainly on the measurable economic outcomes and impacts of
variety adoption.
The economic returns to investments in developing the wilt-
resistant pigeonpea varieties were estimated using the dynamic
research evaluation for management (DREAM) model (Alston
et al., 1995; Wood et al., 2001). The DREAM approach is based
on the economic surplus method where research-induced sup-
ply triggers a process of market-clearing adjustments in one or
multiple markets that would affect the flow of final benefits to
producers and consumers (Alston et al., 1995). Linear equa-
tions are used to represent supply and demand in each region
with market clearing enforced by a set of quantity identities
and price identities. It is a single-commodity model without ex-
plicit representation of cross-commodity substitution effects in
production and consumption, but these aspects are represented
implicitly by the elasticities of supply and demand for the com-
modity being modeled. Basic region-specific data on quantity
produced and consumed, producer and consumer prices, elas-
ticities of supply and demand, and exogenous growth in supply
and demand are needed to capture pre-adoption economic con-
ditions. DREAM has been developed into a computer software
package (Wood et al., 2001). It has a menu-driven, user-friendly
interface that hides the complex computation to allow users to
focus on methodology, data collection, and policy interpreta-
tion.4 The empirical formulation of the model and the necessary
parameters will be discussed further in the next section.
3. Data and model specification
Data for this study come from a stratified random sample of
240 farm households in Babati district of northern Tanzania,
the largest producer of pigeonpea in this region. The district
accounts for about a third of the total area, production, and
export of pigeonpea in Tanzania. Smallholder agriculture is
the main economic activity that underpins livelihoods in the
district. Because of the relative geographical isolation and poor
connectivity with the major urban markets, the overall level of
market access in the district is low. The district is connected with
the city of Arusha (about 650 km from Dar es Salaam) through
a 164-km road, about 90 km of which is laid with tarmac. The
existence of hydroelectric power and telecom facilities opens
opportunities for further development of pigeon-pea traders and
agro-enterprises.
The study was conducted in the three administrative wards
of Babati district (Babati, Singe, and Bonga) where improved
varieties have initially started to spread. Two villages were
randomly selected from each of the three wards from which
a random sample of 40 households was taken for a detailed
4 The latest version of the DREAM model can be downloaded from the IFPRI
website: http://www.ifpri.org/themes/grp01/dream/download.htm
household survey from each of the selected villages. Using a
special adoption and impact monitoring instrument, detailed
input and output data for the 2003 production season, covering
household characteristics, assets, production costs and returns,
variety choice, and market participation were generated from
both adopting and non-adopting households in each village.
In addition, data were also obtained for the 2004 season on
variety choice and area planted of different crops, although the
full costs and returns were not known as the pigeonpea crop
was not harvested at the time of the survey. The survey was
administered in June to August 2004 using trained enumerators
who stayed in the villages and spoke local languages.
3.1. Empirical adoption model
The augmented DH model is specified using variables that
affect the choice of cultivars and have a positive desired de-
mand for improved varieties in the first stage and access to
improved seeds in the second stage to make adoption possi-
ble. For farmers with positive desired demand, the overall de-
mand for improved varieties—defined as area planted to FRIP
varieties—is then determined conditional on the ability to ac-
cess new seeds. The choice of variables for the empirical model,
however, needs to be informed by theoretical and empirical
findings in similar studies. Smallholder farmers in many rural
areas are semi-subsistence producers and consumers partially
integrated into imperfect rural markets. Factor markets for la-
bor, land, traction power, and credit in rural areas of developing
countries are often imperfect and/or even missing in some cases
(Holden et al., 2001; Pender and Kerr, 1998). When rural input
and output markets are imperfect, production and technology
adoption decisions are influenced by the level of poverty and
asset ownership of the farmer (de Janvry et al., 1991; Singh
et al., 1986). This implies that assuming imperfections in labor,
credit, land, and other input markets, household characteristics
and assets would be important factors in technology choice de-
cisions. Besides, other policy variables, like perceptions about
the technology attributes, access to information, and local avail-
ability of improved seeds, are critical factors in technology
choice. About two-thirds of the non-seed supply constrained
non-adopters who were aware of the available FRIP varieties in-
dicated insufficient information about agronomic and manage-
ment practices as a major constraint to adoption. Hence, access
to relevant information is an important factor in determining the
demand for and adoption of improved varieties. Various proxies
are used to capture this effect in the analysis of the key determi-
nants of seed access and the intensity of technology adoption
conditional on accessing improved seeds. Information is hy-
pothesized to determine both access to seed and the intensity of
adoption. In order to identify the barriers to and enabling condi-
tions for variety adoption, several such additional variables are
included in the DH model. We first identify the variables that
condition the probability of access to quality seeds of improved
varieties.
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Ability to access improved seeds may be influenced by
household characteristics (e.g., gender), endowment of some
key household wealth assets (land, livestock, transport equip-
ment, etc.), ability to access and digest information, and supply
side factors such as history of participation in farmer-to-farmer
(FTF) seed exchange and in participatory variety selection
(PVS). While radio and TV may help in accessing informa-
tion from formal seed systems, experience in FTF seed ex-
change will be critical for harnessing informal seed systems.
The wealth effects were captured through two assets (land and
livestock); information effects through education, participation
in PVS, and ownership of radio, TV, telephones, etc.; saved seed
effects through initial stock of seed from previous season; the
effect of transport infrastructure and transaction costs through
ownership of bicycles and ox-drawn carts; and experience in
informal seed systems through past involvement in FTF seed
exchange.5 All these variables were expected to enhance the
probability of access for improved seeds for a given household.
The effect of household characteristics was captured through
the gender factor to test whether women farmers (17.5% of the
sample farmers were female) have special access constraints.
In addition, we included ward/village factors to test whether
access constraints vary by geographical region.
For those farmers with positive desired demand, the level
of adoption is hypothesized to depend positively on partici-
patory decision-making in variety choice and planting deci-
sions; farmer skills (proxied through education); whether farm-
ing is the main occupation; working capital proxied through
cash income from previous year; access to information proxied
through knowledge about improved varieties and participation
in PVS; share of maize (often intercropped with pigeonpeas);
total available labor proxied through male and female work-
force of the family; and assets owned (farm size, livestock, and
non-livestock assets). We also included household character-
istics (gender and age) to test whether these factors had any
measurable effects on the level of adoption of improved vari-
eties. The descriptive statistics for the variables included in the
augmented DH model are given in Table 1.
Diagnostic tests were performed to identify any potential mis-
specification problems that may exist in the estimated model.
Multicollinearity is a usual suspect in any regression context.
The presence of such a problem would lead to estimates that are
unstable and have high standard error resulting in the insignifi-
cance of most or all of the explanatory variables. In order to test
this potential problem, multicollinearity diagnostic tests based
on variance inflation factor (VIF) were performed. The test
showed that the largest VIF resulting from the principal com-
ponent analysis performed was 1.88, which is well below the
5 As in many rural settings, credit markets in the study area are highly imper-
fect. It is hence hypothesized that household assets and working capital would
have a positive effect on adoption. Since available information on borrowing
alone does not reflect household liquidity constraints and planting pigeonpea
requires small quantities of seed, working capital and household assets were
used as proxies to capture any effect of the credit constraint on effective seed
demand.
maximum value of 10 that is used as a rule of thumb to charac-
terize the presence of multicollinearity. Hence, multicollinear-
ity is not considered a problem in our analyses. Moreover, in
addition to the augmented DH model, we also estimated the
Tobit model in order to test the extent of thresholds that some
farmers face in accessing seeds of improved varieties. The Tobit
model does not take into account threshold of seed access and
hence has a different distribution than that of our augmented
DH model. Vuong (1989) has proposed a test statistic suitable
for comparing models of such type. Let fj (yi |Xi) denote the
predicted probability that the random variable Y equals yi under
the assumption that the distribution is fj (yi |Xi), for j = 1 for
the DH model and j = 2 for the Tobit model. Also, let
mi = log
(
f1(yi |Xi)
f2(yi |Xi)
)
. (5)
Voung’s statistics for testing the hypothesis of DH model versus
Tobit model is
v =
√
n
[
1
n
n∑
i=1
mi
]
√√√√1
n
n∑
i=1
(mi − m¯)2
. (6)
Vuong shows that v has limiting standard normal distribution.
If |v| is less than two, then the test does not favor one model
over the other. Large values favor the DH model whereas small
negative values favor the Tobit model. In our analysis, Vuong’s
statistic appears to favor the DH model for adequately describ-
ing the data; the value is 27.39. One should also note that
the DH adoption model is estimated as a static cross-sectional
model, but adoption or technology diffusion is actually a dy-
namic process. If the same model had been estimated at a later
point in time, the results might differ from what is reported here
at early stages of technology adoption pathway. Whereas the
major structural constraints limiting access to seed and FRIP
varieties remain, the overall level of adoption and awareness
of new varieties is likely to improve over time. The recent
high food price trends can also be expected to stimulate variety
adoption.
3.2. Calibration of the economic surplus model
As discussed earlier, the DREAM model is used for estimat-
ing the economic surplus resulting from the pigeonpea research
investments. The direct economic impact of the new varieties
was evaluated under the assumption of three horizontal mar-
kets: Babati district, rest of Tanzania (ROT), and the rest of
the world (ROW). This implied an open economy that would
require a global market clearing condition whereby the total pro-
duction across the three regions must equal the total consump-
tion. The price transmission elasticity is used to allow some
degree of price diffusion between the three regions. DREAM
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Table 1
Descriptive statistics of regression variables by seed access constraint
Variables Have access to seed Access not a major constraint Have no access and
and adopted (n = 81) but did not adopt (n = 105) did not adopt (n = 54)
Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
Total pigeonpea area (acres) 3.52 3.34 2.48 2.08 2.40 2.76
Improved variety area (acres) 2.60 2.12 0 0 0 0
Sex of head (male = 1) 0.88 0.33 0.78 0.42 0.83 0.38
Women participate in decisions (yes = 1) 0.42 0.50 0.30 0.46 0.39 0.49
Age of head (years) 47.10 12.81 49.31 15.53 47.04 16.22
Farming main occupation (yes = 1) 0.99 0.11 0.99 0.10 0.96 0.19
Head education 1 to 4 years 0.17 0.38 0.21 0.41 0.17 0.38
Head education 5 to 8 years 0.59 0.49 0.49 0.50 0.50 0.50
Head education greater than 8 years 0.05 0.22 0.03 0.17 0.06 0.23
Working capital (1,000 Tsh) 468.55 481.05 225.28 278.37 257.20 319.65
Participated in PVS 0.51 0.50 0.11 0.32 0.19 0.39
Number of improved varieties known 1.83 0.95 0.32 0.74 1.74 0.78
Area share of maize 0.74 0.28 0.86 0.24 0.80 0.26
Total family workforce 2.50 1.27 2.59 1.49 2.21 1.06
Farmsize per capita 0.91 1.49 0.52 0.39 0.54 0.36
Oxen per capita 0.29 0.63 0.16 0.32 0.30 0.44
Non-oxen livestock wealth per capita (1,000 Tsh) 50.45 52.26 35.46 43.95 47.49 62.39
Non-livestock wealth per capita (1,000 Tsh) 16.32 22.26 87.53 11.74 14.86 17.78
Seed saved from previous season 3.96 6.28 0.51 2.37 0.09 0.68
Experience in FTF seed exchange (yes = 1) 0.68 0.47 0.24 0.43 0.26 0.44
Owns a cart for transport (yes = 1) 0.28 0.45 0.10 0.29 0.11 0.32
Owns bicycle 0.64 0.48 0.49 0.50 0.69 0.47
Owns TV or radio or phone 0.73 0.45 0.53 0.50 0.61 0.49
Singe ward 0.52 0.50 0.22 0.42 0.28 0.45
Bonga ward 0.31 0.46 0.36 0.48 0.31 0.47
allows technology spillovers from one region to the other. This
is specified in the spillover matrix and a conservative coefficient
of 0.5 is used, which assumes that 50% of the cost-saving or
productivity benefits realized in Babati district would also be
achieved in other pigeonpea growing areas of the country. This
is mainly because we assumed that the new varieties may not
achieve the full potential attained in Babati district where they
were initially evaluated and the strong partnerships between the
different R&D institutions observed in the district may not be
replicated in other areas. The baseline market conditions used
in the model are given in Table 2. These baseline values were
compiled from national production statistics, review of liter-
ature, and the best available information on DREAM model
parameters at IFPRI and other sources (e.g., Alston et al., 1995;
Oehmke and Crawford, 2002). Pigeonpea supply elasticity in
Tanzania was not available. Following Alston et al. (1995), we
assume a supply elasticity of one. Using Nweke et al.’s (2000)
estimated elasticities for pulses in sub-Saharan Africa, the de-
mand elasticity for pigeonpea was taken as −0.6. The other
technology specific parameters used in calibrating the model
were estimated based on our household survey results and/or
estimated based on observed patterns of research and technol-
ogy adoption in Tanzania.
In order to calibrate the model to conditions that reflect the
research process and broad patterns observed in the variety
adoption pathway, we included the following additional speci-
fications: a research lag of 9 years, an adoption lag of 7 years
(following a logistic adoption pattern), a maximum adoption
level of 40% sustained over a period of 5 years, followed by 9
years for farmers to abandon the technology and shift to other
varieties. The costs for research, adaptation, and extension of
improved varieties were included based on actual and estimated
expenditures for a planning horizon of 30 years. The estimated
costs of both national and international scientists and staff and
other operating costs in developing and locally adapting the
FRIP varieties were included. These data were collected from
project documents and from discussions with local research and
extension partners in Tanzania.
The wider economic net benefits are computed using average
realized yield gains at the farm level estimated, based on our
household survey data. The sample farmers estimated a yield
loss of about 55% due to wilt infestation when they grow local
varieties. The corresponding estimated loss was about 5% when
they grow improved resistant varieties. The average estimated
yield gain from growing new varieties was about 67% (Table 3).
Since there is a lack of information on the extent of fusarium
infestation or the probability of infestation of uninfected fields
for the country at large, we assumed similar levels of infestation
as in Babati district for the rest of Tanzania. The available
information also suggested that Babati district is not a special
case when it comes to the fusarium problem in the region (Gwata
et al., 2006). In order to show the degree of variation in the
estimated economic surplus due to changes in key parameter
values, a sensitivity analysis was carried out in relation to the
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Table 2
Initial market conditions used in the DREAM model
Region Quantity (1,000 t) Price Elasticity Price trans. Exogenous Growth of Taxes/
US (%/t) elast. growth (%/yr) subsidy (%/yr)Production Consumption Supply Demand
Supply Demand Supply Demand
Babati 14.1 1.6 197 1.0 0.6 0.2 0.5 0.3 0.5 0.1
Rest of Tanzania 29.9 14.7 197 1.0 0.6 0.2 0.5 0.25 0.5 0.1
Rest of the world 2,869.8 2,897.5 325 1.0 0.6 0.25 0.25 0.2 0 0
Source: Compiled from different sources including FAOSTAT and national statistics.
Table 3
Comparative farm-level economic benefits from pigeonpea varieties (2003)
Variable Local varieties Improved varieties Net gain Change
(N = 195) (N = 59) (%)
Yield (kg/ha) 425 709 284 67
Gross value of
production
(Tsh/ha)
83,335 137,607 54,272 65
Variable costs
(Tsh/ha)
21,439 26,420 4,981 23
Variable costs
per kg
50 37 −13 −26
Net income
(Tsh/ha)
61,897 111,186 49,289 80
Net returns per
unit of
investment
2.89 4.21 1.32 46
Note: The exchange rate during 2004 was about 1US$ = 875 Tsh.
key model parameters (supply and demand elasticities, yield
gain, and spillover coefficient). These new estimated values are
compared with the baseline results.
In addition, as indicated earlier, we create a link between the
econometric results on adoption constraints and the economic
surplus model by analyzing the potential economic surplus that
may result from relaxing the seed access constraint. Tackling
the seed access constraint would make it possible for those with
positive demand to actually plant the new varieties and encour-
age others to try new cultivars. The estimated probabilities of
seed access and adoption rates from the econometric analysis
feed into the economic surplus model to estimate the gains from
relaxing the seed access constraint. This captures the effect of
enhanced seed availability, which increases the adoption ceiling
as well as reduces the adoption lag, i.e., the time required for
farmers to adopt new varieties once the technology is available.
The approach followed in linking the econometric and eco-
nomic surplus analysis is similar to Moyo et al. (2007), but lack
of large-scale data on poverty profiles in the pigeonpea growing
areas in Tanzania prevents us from distributing the surplus to
assess the potential changes in poverty indices.
4. Results and discussion
In the following sections, we present the analytical results
on the economics of new varieties, the process and factors
determining access to and the intensity of adoption of improved
varieties, including the effect of selected policy relevant vari-
ables in determining the probability and intensity of adoption,
and the potential economic impacts of the new varieties in
Tanzania.
4.1. Economics of new varieties
All the surveyed farmers grew pigeonpea in 2003–2004 and
about 35% planted at least one of the improved varieties, an
increase from 25% during the previous season. About 26%
of the farmers grew only improved varieties, 9% grew both
improved and local varieties, and 65% grew only local varieties.
The ratio of partial adoption (share of improved varieties out of
the total pigeonpea area) increased from 24% in 2002–2003 to
32% during 2003–2004. The two varieties (ICEAP 00040 and
00053), which combine resistance to fusarium wilt and embody
the market-preferred traits (large and cream colored seeds),
were most preferred by farmers. Recent visits to the region have
shown that the level of diffusion has continued to increase within
the district and beyond to other parts of Tanzania through formal
and informal seed networks. As we show below, this process
is facilitated by improved availability of new seeds, farmer-to-
farmer technology exchange, and better market linkages created
through enhanced private sector participation in seed and output
marketing.
The majority of the farmers (85%) reported that they had
incidence of fusarium wilt in their fields. However, very few
of them (6%) applied some control measures, mainly crop ro-
tations. Respondents who adopted new varieties reported that
local varieties were more susceptible to the wilt disease than
the improved varieties. While about 96% of local variety grow-
ers reported infestation by fusarium wilt in some of their fields,
only about 13%–15% of growers of improved varieties reported
wilt infestation of the crop.
Average yields varied significantly across villages and also
between the improved and local varieties. Improved varieties
had superior yields over the local landraces. The average yield
from the local susceptible varieties was about 425 kg/ha which
compares with 709 kg/ha for improved varieties (Table 3). This
represents an average yield gain of 67% in switching to im-
proved varieties. As the agronomic yield difference between
the local and traditional varieties is minimal on disease free
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plots, much of this gain is realized from the reduced produc-
tivity loss when wilt resistant cultivars are grown on infested
fields. Whereas total variable costs of production are higher,
because of higher average yields, average costs of production
per unit of output are 26% lower for improved varieties. On av-
erage, farmers adopting new varieties have an 80% higher net
income per ha from pigeonpea production than non-adopting
farmers, showing the extent of additional benefits that farmers
may derive if they switch to the disease resistant new vari-
eties. Information about the potential of new FRIP varieties
and access to such seeds are critical factors in realizing these
benefits.
4.2. Determinants of seed access
The jointly estimated DH model results for seed access are
given in the bottom half of Table 4. Most of the variables in
the model have hypothesized signs. Farmer access to improved
Table 4
Double hurdle and Tobit regression estimates
Variables Double hurdle coef. Marginal Tobit model coef.
(standard errors) effect (standard errors)
Area planted with improved varieties
Sex of head (male = 1) 0.402 (.51) 0.019 0.526 (0.72)
Women participate in decisions (yes = 1) 0.602 (0.37)∗ 0.044 0.506 (0.49)
Age of head (years) −0.004 (0.01) −0.002 0.0001 (0.02)
Farming main occupation −0.124 (1.23) 0.002 1.578 (1.83)
Head education 1 to 4 years 0.030 (0.42) 0.0001 0.158 (0.58)
Head education > 8 years 1.644 (0.84)∗∗ 0.367 0.196 (1.11)
Working capital (1,000 Tsh) 0.001 (0.0005)∗ 0.0003 0.002 (0.001)∗∗∗
Participated in PVS 0.069 (0.40) 0.001 1.335 (0.54)∗∗
Known improved varieties 1.282 (0.18)∗∗∗ 0.533 1.012 (0.23)∗∗∗
Area share of maize 0.115 (0.63) 0.048 −0.137 (0.85)
Total family workforce −0.040 (0.13) −0.017 0.262 (0.18)
Farm size per capita 0.694 (0.19)∗∗∗ 0.289 1.196 (0.25)∗∗∗
Oxen per capita −0.546 (0.44) −0.227 −1.349 (0.63)∗∗
Per capita non-oxen livestock wealth 0.006 (0.004)∗ 0.003 0.004 (0.004)
Per capita non-livestock wealth 0.010 (0.012) 0.004 0.002 (0.015)
Constant −2.335 (1.65) −0.972 −6.788 (2.49)∗∗∗
Seed access
Sex of head (male = 1) 0.109 (0.48) 0.039
Head education 1 to 4 years 0.255 (0.48) 0.087
Head education 5 to 8 years −0.100 (0.41) −0.036
Head education > 8 years −0.047 (0.74) −0.017
Participated in PVS 0.613 (0.34)∗ 0.199
Seed from previous season 0.474 (0.17)∗∗∗ 0.169
Experience in FTF seed exchange (yes = 1) 1.103 (0.31)∗∗∗ 0.356
Owns a cart for transport 0.932 (0.44)∗∗ 0.268
Owns bicycle −0.448 (0.39) −0.155
Owns TV or radio or phone 0.478 (0.37) 0.173
Singe ward 0.828 (0.38)∗∗ 0.268
Bonga ward 0.535 (0.40) 0.180
Farmsize per capita 0.269 (0.25) 0.096
Per capita non-oxen livestock wealth −0.002 (0.003) −0.001
Constant −1.682 (0.57)∗∗∗ −0.598
Log likelihood −304.858 −259.584
Wald chi2(15), LR chi2(15) 140.92 100.31
Prob > chi2 0.0000 0.0000
∗
,
∗∗
,
∗∗∗ indicate significance at 10%, 5%, and 1% level, respectively.
seeds was significantly determined by several of the model
variables. Among the information variables, participation in
on-farm variety testing (PVS) was significant. Neither the edu-
cation variables nor ownership of radio and telephones had any
significant effect on accessing improved seed. This may actu-
ally show that information per se was not the major limiting
factor determining the farmer’s ability to get hold of improved
seeds. The PVS effect may also reflect any small amounts of
seed that may have been received during the on-farm trials,
but many farmers took part in demonstrations and field days
arranged to inform villagers about the performance of different
pigeonpea cultivars on farmers’ fields. We also found no signif-
icant effect of gender in conditioning seed access (controlling
for other factors) implying that men and women farmers are
likely to have similar opportunities in accessing improved seeds.
The other important factors included participation in informal
seed networks (FTF) and the initial amount of seed received in
the past, indicating the effect of saving and recycling of seed
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regularly practiced by African farmers. Access was also pos-
itively affected by ownership of some transport assets (oxen-
drawn carts), which may have facilitated accessing seed from
distant sources (e.g., input agro-dealers based in Babati town).
The other asset variables (land and livestock) were not found
to influence the probability of accessing seed, but we found
significant differences among the villages (wards) showing that
some villages may have been targeted more than others through
the research and extension phases. The likelihood of accessing
improved seeds was highest in Singe ward.
4.3. Determinants of variety adoption
The estimated parameters for the DH and Tobit models on
the demand for improved varieties are shown in Table 4 (upper
half). Based on the Vuong model comparison test we carried
out in Section 3.1, the augmented DH model performs better
than the Tobit model. This confirms the relative superiority of
the DH specification for this data set and indicates that adoption
of improved varieties needs to be estimated conditional on the
seed access threshold. Whereas the relative magnitude and sig-
nificance of most of the variables is comparable, the discussion
of results will henceforth focus on the DH model. Six variables
were found to have significant effects in explaining the demand
for improved varieties, measured in term of area planted under
FRIP cultivars. These included participatory decision-making,
education, working capital, knowledge about new varieties, and
per capita assets (farm size and livestock wealth). Conditional
on seed access, all these variables had a positive effect on de-
mand (area planted) for improved varieties. These results are
generally in line with similar variety and input adoption stud-
ies in Africa (Croppenstedt et al., 2003; Kaliba et al., 2000;
Kristjanson et al., 2005; Nkonya et al., 1997). Household at-
tributes indexing gender, age, and main occupation were not sig-
nificant. Adoption of improved varieties seems to be positively
correlated with the level of household education—households
with the highest level of education (greater than eight years)
had higher levels of demand for improved cultivars. The posi-
tive effect of education and farmer technology awareness vari-
Table 5
Effect of farmer participation and farm size on constrained adoption of improved pigeonpea varieties
Participation in PVS or Farm size Probability of Intensity Adoption
joint decision making∗ (acres per capita) of adoption rateSeed access Positive demand Adoption
Yes 0.25 0.794 0.715 0.568 10,844 0.655
0.50 0.813 0.771 0.627 1.920 0.682
0.75 0.830 0.820 0.681 2.000 0.711
1.00 0.847 0.862 0.730 2.080 0.739
No 0.25 0.582 0.486 0.283 1.607 0.571
0.50 0.608 0.556 0.338 1.671 0.594
0.75 0.634 0.623 0.395 1.738 0.618
1.00 0.659 0.686 0.452 1.809 0.643
∗Participation in variety selection (PVS) affects seed access while participation of women in variety choice and planting decisions affects the desired demand for
new varieties.
ables (e.g., new varieties planted or known) is consistent with
Nkonya et al. (1997) and Kaliba et al. (2000) for maize varieties;
Kristjanson et al. (2005) for cowpea varieties; and Croppen-
stedt et al. (2003) for fertilizer adoption. The participation of
women in variety choice and planting decisions had a significant
(P < 0.1) positive effect on adoption of improved varieties.
This seems to be partly because women give higher weights for
pigeonpeas—vital for family nutrition and as source of scarce
cash. Although assets do not seem to affect seed access, the de-
mand for improved varieties conditional on access is generally
positively influenced by asset levels—both in terms of working
capital, farm size, and livestock wealth. This shows that better
off farmers are generally better able to expand the area under
improved varieties although asset ownership (other than carts
for transport) did not influence access to improved seeds. The
positive effect of working capital indicates that despite the low
seed requirements, liquidity is still important in determining the
intensity of adoption. The positive effect of livestock is consis-
tent with the findings of Kristjanson et al. (2005) for cowpeas in
Nigeria. This effect might be transmitted through feed demand
that stimulates uptake of multipurpose crop varieties or through
its non-stochastic wealth effect that helps to spread or buffer
the risks faced by farmers. While the demand for some inputs
like fertilizer (which has higher rates of factor substitution with
land) may decrease with land availability (Croppenstedt et al.,
2003), farm size in our case seems to stimulate the overall
demand for improved varieties.
The effect of some selected variables on the probability of
seed access, demand for improved varieties, and adoption are
given in Table 5. This is shown for a combination of farm size
and participation in PVS (for seed access) and participation of
women in variety choice and planting decisions (for positive
desired demand of new varieties). The values were computed
for diverse farm size groups for the mean values of all other
regression variables. The results show that when farmer par-
ticipation takes a positive value, the probability of seed access
increases from 79% when per capita farm size is 0.25 acre to
about 84.5% when farm size is 1 acre. The respective values,
however, decline to 58% and 66% when participation has a zero
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value. This shows the extent of effects one can expect if farm-
ers participated in variety choice through on-farm trials and
demonstrations, other factors kept constant. A similar effect is
observed on the probability of desired positive demand for new
varieties. Under participatory decision-making, the probability
of positive demand for new varieties increases from 71% when
farm size is 0.25 acre to 86% when farm size is 1 acre per
capita. Under the constrained adoption process, the probability
of actual variety adoption is the product of the probability of
positive desired demand in the first stage and the probability
of seed access. When participation is ensured, this probability
ranges from about 57% at the lowest per capita farm size of
0.25 acre to 73% when farm size is 1 acre. However, the com-
parative probabilities decline to 28% and 45% when farmer
participation is not ensured. This demonstrates the important
roles that farmer participation in variety selection and women’s
participation in variety choice and planting decisions will have
under constrained technology adoption process. The intensity
of adoption measured as total area under improved varieties-
predicted values of E[Y|X, Y>0]—and the adoption ratio—the
proportion of pigeonpea area allocated to improved varieties
under the alternative scenarios are also shown in the table. The
results indicate that for the average farm size of about 0.5 acre
per capita the ratio of partial adoption increases from 59% when
farmer participation is not ensured to about 68% when farmers
actively participate in variety selection and technology choice
decisions. Accordingly, the intensity adoption for an average
farm size increases from 1.67 to 1.92 acres.
The disaggregated effect of geographical targeting along with
the above variables computed around the mean farm size of
about 0.5 acre per capita is shown in Table 6. Because of the
different levels of effort in variety promotion and development
of local seed systems, the probability of accessing improved
seeds, desired positive demand, and the probability of adop-
tion vary significantly within the three zones included in this
study. Under the constrained adoption process, the probability
of seed access, positive demand, and adoption are highest in the
Singe ward, which has the highest values for targeted extension
effort (proxied through the average level of farmer awareness
of improved varieties), and development of local seed systems
(proxied through farmer experience in FTF and amount of saved
seed received from the first source). This ward also has the high-
est average level of working capital per farmer, which seems to
have facilitated technology uptake as is demonstrated by the to-
tal area of land allocated to improved varieties in 2003–2004.6
In Singe, the average area planted to improved varieties was
1.48 acres compared to 0.76 acre in Bonga and 0.4 acre in
Babati wards. The results also show that the probability of
adoption is lowest in Babati ward even when farmer partici-
pation is ensured, indicating the lower overall extension and
6 For example, about 50% of farmers in Singe had experience in FTF tech-
nology exchange, which compares to 37.5% for Bonga and 30% for Babati.
Similarly, a given farmer knows at least 1.3 new varieties, while the values for
Bonga and Babati are 1.2 and 0.9. Women farmers also seem to be more active
in decision making in Singe (39%) than the other wards (36% for Bonga and
32% for Babati).
seed delivery effort in this zone. For the average household, the
probability of adoption in the lowest adopting village ranges
from 10% in the absence of participation to 30% when farmer
participation is possible. The comparative values for Singe ward
are 65% to 86%, indicating how proper targeting and extension
efforts to improve local seed systems and farmer awareness of
new varieties can improve the likelihood of variety uptake and
the intensity of adoption.
4.4. Economic impact of improved seed access
The DREAM model results for the wider economic returns
to investments in developing the new varieties in Tanzania are
given in Table 7. The results show that under the average yield
gain of 67%, such investments would generate significant social
benefits to smallholder farmers and consumers in Babati, and
through spillovers, to the rest of Tanzania. In fact, these invest-
ments would have generated sufficient social net benefits even
without accounting for the spillovers. The smallholder farmers
benefit most from the new varieties through increased produc-
tivity and lower average costs of production. The government
also benefits from increased tax revenues received from produc-
ers and consumers. The total economic surplus in terms of net
present values (NPV) amounts to over US$6.1 million, with an
internal rate of return of 32.2%. These benefits are likely to gen-
erate significant impacts on food, nutrition, and poverty. This is
particularly important as pigeonpeas serve as a vital source of
protein for poor families and provide cash for marginal farmers
in drier areas. During the 2003 season, the average marketed
surplus of adopting farmers was about 716 kg/year, while those
growing local varieties sold only 349 kg of pigeonpeas. This
crop accounted for about 50% of the cash incomes of the sam-
ple farmers during the year, showing the key role of this crop as
source of cash for the smallholder farmers in the area. Adoption
of new varieties may also generate other nonquantified benefits
(e.g., fuelwood, fodder, etc.), showing that our impact estimates
are likely to be underestimated.
In order to assess the robustness of the estimated benefits,
a sensitivity analysis was undertaken with respect to certain
key parameter values, including demand and supply elastici-
ties, spillover coefficients, and the estimated yield again from
adoption of disease resistant varieties. The results are not sensi-
tive to demand elasticity but quite sensitive to supply elasticity,
yield gain, and spillover coefficient (Table 8). The sensitivity
to the latter three parameters is mainly due to their direct influ-
ence on applied supply shifts in the model. This follows from
the Alston, Norton, and Pardey (ANP) method for calculating
supply shifts in estimating the economic surplus (Oehmke and
Crawford, 2002), which the DREAM model is also using.7 The
demand elasticities were changed by ±50%, but the resulting
7 Despite the sensitivity of the ANP approach to the value of supply elas-
ticity, Oehmke and Crawford (2002) discuss several conceptual and practical
advantages from using this approach for estimating the impacts of research
investments.
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Table 6
Effect of targeting and farmer participation on the two-stage constrained adoption of improved pigeonpea varieties
Target Participation in PVS or Probability of Intensity of Adoption
zone (ward) joint decision making∗ adoption ratioSeed access Positive demand Adoption
Single Yes 0.975 0.879 0.857 2.125 0.781
No 0.912 0.715 0.652 1.844 0.678
Bonga Yes 0.767 0.769 0.590 1.918 0.621
No 0.545 0.553 0.302 1.669 0.540
Babati Yes 0.490 0.626 0.306 1.742 0.662
No 0.261 0.389 0.102 1.521 0.578
∗As in Table 5.
Table 7
Impact of pigeonpea research in Tanzania—returns to R&D investments
Region Present value of R&D benefits (US$1,000)∗ R&D and extension Present value IRR (%)
cost (US$ 1,000)∗ of net benefits∗Producers Consumers Government Total
Babati 4,605 3 21 4,628 184 4,444 35.40
Rest of Tanzania 2,041 26 10 2,077 388 1,689 22.44
Aggregate Tanzania 6,646 29 31 6,705 572 6,133 32.2
∗Computed using a real social rate of discount of 5%.
Table 8
Sensitively analyses of returns to R&D investments
Parameters Base run value New values Relative change (%) Benefit change relative to base run IRR change (%)
Producer (%) Consumer (%) Government (%) Total (%)
Demand elasticity 0.6 0.3 −50 −0.48 23.00 −0.33 −0.38 −0.60
0.9 +50 0.33 −15.33 0.33 0.26 0.45
Supply elasticity 1 0.8 −20 25.24 14.63 0.65 25.08 8.30
1.2 +20 −16.80 −11.15 0.00 −16.70 −6.80
Yield gain 67% 56% −20 −17.57 −16.38 −16.34 −17.56 −7.14
80% +20 21.34 19.86 19.61 21.33 7.5
Spillover coefficient 0.5 0.25 −50 −15.89 −16.03 −16.01 −15.90 −3.10
0.75 +50 16.58 16.72 16.67 16.58 2.79
effects on the estimated benefits are less than 0.5%. However,
a ±20% change in the supply elasticity changes the estimated
benefits between −16% and +25%, showing higher sensitiv-
ity for this parameter. However, the aggregate supply elasticity
for pigeonpea is unlikely to be more than 1% as farmers often
face market access, credit, and land constraints that stifle the
capacity to expand production. Changes in the estimated yield
gain from adoption of new varieties will also have significant
effects on estimated economic benefits. For a ± 20% change
in the average estimated yield gain, the total benefits change
by −17% and +21%. In relation to the spillover coefficient, a
50% change in the estimated spillover potential seems to af-
fect the aggregate benefits by −15% to +16%. There is no
technical reason limiting the realization of the gains from Ba-
bati to other similar pigeonpea growing areas of the country.
The upper value of 0.75 may in fact be more plausible than
the lower value of 0.25. However, the investments in develop-
ing the new farmer and market preferred and disease resistant
varieties remain attractive even under the lower and conserva-
tive estimates for supply elasticity, yield gains, and spillover
coefficients.
In addition to the sensitivity analysis of the base model pa-
rameters, we explore the lost economic benefits from not provid-
ing improved access to seed and the potential gains from alter-
native policies addressing the seed access constraint. Given the
pivotal role of the seed access constraint in determining adop-
tion of FRIP varieties, it is important to analyze the payoffs
from alternative policy approaches to address this constraint.
As clearly shown in Table 5, better seed access considerably
improves the probability of adoption. Better seed accessibil-
ity also contributes to shorten the adoption lag—the number
of years needed for the adoption rate to reach the maximum.
In order to evaluate the effect of alternative seed policies, we
link the results from econometric analysis to the economic sur-
plus model simulated using the DREAM model by running
additional scenarios with different levels of seed access and
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Table 9
Impact of improved seed access on economic surplus of pigeonpea adoption Tanzania
Scenarios Region Change of R&D benefits (%)
Producers Consumers Government Total
Improved seed access Babati 18.21 11.11 15.58 18.20
Tanzania 12.51 9.96 9.74 12.49
Improved seed access and shorter adoption lag Babati 25.93 15.56 23.05 25.92
Tanzania 17.83 14.50 14.40 17.80
Perfect seed access and shorter adoption lag Babati 45.19 24.44 38.96 45.15
Tanzania 31.1 24.2 24.1 31.0
compare them with the baseline results shown in Table 7. The
following three seed access scenarios were simulated:8 (a) im-
proved seed access—the probability of seed access is 0.813 and
the adoption rate is 0.682; (b) similar to scenario above but
in addition the adoption lag decreases from 7 years (the base-
line) to 4 years; (c) perfect seed access and shorter adoption lag
(4 years). Assuming 100% seed accessibility, the adoption rate
is 0.77 (calculated from the adoption model but not shown in
Table 5). The results showing the gains from improved seed
access in terms of relative changes in benefits to producers,
consumers in Babati district, and whole of Tanzania are given
in Table 9. Improved seed access alone would increase pro-
ducer benefits in Babati district and in Tanzania by about 18%
and 13%, respectively. The combined effect of improved seed
access and shorter adoption lag could increase producer ben-
efits by almost 26% in Babati district and 18% in Tanzania.
For the perfect seed access scenario, the gains are even larger,
45% for Babati and 31% for Tanzania. The smaller relative gain
in Tanzanian compared to Babati district is due to nonperfect
technology spillover effects from Babati to the rest of Tanzania.
The gains from improved seed access also benefit consumers
and the government. Compared to the status quo, the overall
gain from improved seed policies for Tanzania would range
from about 13% to 31%. The total economic surplus gain is
similar to the increase in the producer surplus indicating that
the smallholder producers will be the major beneficiaries from
increased access to improved pigeonpea varieties.
5. Summary and conclusions
This study analyzed the adoption determinants and estimated
the overall economic benefits associated with the development
of disease resistant varieties of pigeonpeas, a pro-poor and
drought tolerant legume crop widely grown in many semi-
arid areas of Africa and Asia. The data from northern Tan-
zania have shown that several households are constrained from
adopting new varieties due to seed access constraints that pre-
vent some potentially adopting farmers from growing new va-
rieties. Unlike many adoption studies that disregard such adop-
tion thresholds, we exploit this information to estimate more
8 These scenarios are related to the improved seed access probabilities and
adoption rates for the average farm size in survey district (0.5 ha/per capita)
shown in Table 5.
efficient versions of the DH model to analyze the determinants
of the probability and intensity of variety adoption conditional
on overcoming these thresholds. The study provides new in-
sights on the role of supply side constraints that limit variety
adoption despite positive demand for new cultivars. The over-
all economic gains from variety development and the benefits
from tackling these constraints were analyzed further using the
economic surplus approach.
The results show that the new pigeonpea varieties improve
household incomes by up to 80% as disease-induced yield losses
decrease from about 50% for local varieties to just about 5%
for the new varieties. The study finds that despite these high
benefits, many farmers in the growing areas did not adopt the
disease-resistant varieties mainly due to inadequate local sup-
ply of seed and agronomic information about the new cultivars.
As seed requirements for pigeonpea were small and many farm-
ers could afford to buy small quantities, farmers indicated that
effective demand or credit was not a major limiting factor in
making planting decisions for new varieties. The econometric
results confirmed that the spread and intensity of technology
uptake is constrained by seed access. Participation in informal
seed networks, in on-farm variety selection, and ownership of
household transport assets increase the likelihood that farmers
will access improved seeds. The overall observed demand for
improved varieties was positively determined by the participa-
tion of women in variety choice and planting decisions, family
education, availability of working capital, level of awareness
about the new technologies, and nonstochastic wealth factors
and productive assets (land and livestock).
These results show that while farmer-to-farmer transfer of
new seeds plays an important role in improving access to new
seeds, it will not be sufficient to spread the varieties widely and
more quickly as many farmers with positive desired demand
had no or limited access to quality seeds of improved varieties.
What are the key policy implications from these results? There
is an urgent need to strengthen and leverage rural institutions
to remedy pervasive market failures in both seed and output
markets in semi-arid areas with limited market infrastructure,9
9 Following Dorward et al. (2005), the term “institutions” is used in the
broad sense to encompass rules, enforcement mechanisms, and organizational
arrangements that promote production, formal and informal exchange and trans-
actions in both seed and output markets. Farmer organizations, village agro-
dealers, and alternative coordination mechanisms (e.g., contract farming, seed
revolving funds, etc.) can be used to strengthen institutions and enhance the
functioning of rural markets.
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and increase public efforts in promotion of new varieties to im-
prove access to seed and stimulate demand among those lacking
awareness about new varieties. The government and extension
systems will need to take the lead in technology promotion and
dissemination at the initial stages and in creating an enabling
environment for effective participation of the private sector. The
positive effect of PVS and farmer-to-farmer seed exchange in
improving farmer access to new varieties suggests that these
approaches can be used as effective tools in stimulating the de-
mand for new varieties. The participation of pigeonpea farmers
(especially women) in variety choice enhances the relevance
and local adaptability of new technologies and shortens the
time required for research to generate impacts.
Awareness campaigns for improved varieties, combined with
improved local availability of improved seeds at reasonable
prices offer the most promising policy mix to accelerate and
expand adoption. Unlike major staples (e.g., maize), the over-
all size of the pigeonpea seed market is limited and may not
be attractive to private agents. Once access is ensured, farmers
can also save pigeonpea seed and recycle it over three to four
years without significant loss in productivity. But participation
of farmer organizations and the private sector can be expanded
through better promotion and innovative seed production, dis-
tribution, and marketing strategies. This may include revolv-
ing seed schemes where small initial funds provided to farmer
groups or cooperatives can be used to reach more farmers while
recovering the initial capital; small seed packs, which can be
marketed through a wider network of local input agro-dealers;
trained local seed farmers to locally produce quality declared
seeds and cut down distribution costs; and use of relief and re-
covery programs through voucher-based systems that stimulate
adoption without undermining local seed systems. This needs
to be complemented by simpler variety release, registration, and
quality control procedures, which help support the development
of both formal and informal seed systems.
Since the derived demand for seed very much depends on the
output price, better market access and better producer prices for
the grain will also stimulate adoption. The initial lessons from
the effective partnerships between private and public sector in-
stitutions in the process of technology and market development
attest to these results. The results also demonstrate that if neces-
sary investments are made in improving seed access and wider
diffusion of new varieties, the economic benefits in Tanzania
would significantly outweigh the costs even with modest yield
gains assumed from variety adoption. The social gains would be
higher if one accounts for nonmarket ecosystem services (e.g.,
soil fertility benefits) associated with adoption of legumes in
cereal-based systems.
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